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ABSTBACT . ' ^ 

Initiated in 1959, Project PLATO has attempted to 
identify and promote technical innovations that improve computer 
based education and ma^e it economically viable. Three successive 
systems (PLATO I, II, and 11^) displayed the potential of the ^ 
computer to deliver high quality instruction, including programs 
emphasizing student autonomy^ and encouraging the development^ of 
inquiry and critical thinking skills. The aim of PLATO IV is to take 
advantage of technical advancements and economies of scale to produce 
computer- assisted instruction at $.35 per student contact hour, a - 
much more economical figure than existing instructional costs. This 
report discusses the educational advantages of each of the PLATO 
systems, and it emphasizes the possible economic saviiigs that will be 
demonstrated in PLATO I?. (EHH) * ' 
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ADVANCES IN COMPUTER-BASED EDUCATION: . . 
A Progress Report on the PLATO Program 

D. Alpert 
. D. Bitzer 

/ University of Illinois, Urbana-Chainpaign 

Introduction. * ' ^ . « 

since its initiation in 195^, the PLATO program at the Univer- 
sity* of Illinois has been committed to exploration of the educational 
possib.ilities and the engineering-economic problems relating to the 



introduction of the modern high-speed computer into the educational 
proces'sT During the course of the' past decade, numerous Other groups at 
universities, not-for-profit institutes, and profit-oriented corporations 
have also initiated exploratory efforts, to utilize modem computer tech- 
nology for instruction. A widely varying array of such efforts .has been 
encompassed under the term "computer-assisted instruction" (CAI) . Because 
the ibtroduction of the high-speed digital computer into any^ field of 
human activity often has had very broad social implications and because 
the implications for education may be especially profound, it is not sur- 
prising that some of these activities have received widespread publicity. 

The over-all setting- is one in which the nation now invests 
over $50 billion annually in the formal educational process, a total 
cotnmitment which is expected to increase to $150 billion annually by 1980. 
Yet despite this large national commitment »' it ^ia commonly agreed that 
there are vast unmet needs in education both in terms of quantity and ^ 
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quality. We are confronted vjith a conflict bctwern. cho deuiands for 
more r.ass educ^ition over a larger fraction of the human life span and 
the demands for more individualized instruction tailored to the "specif ic 
preparation and motivation of a given student. Many of the programs in 
CAI were originally motivated by the notion that the technology of the 
co^iputer could provide a unique contribution to saLisfying these demands,. 
However, although great expectations have bfeen aroused, the general 
reaction at thid point in time might be described as a conflicting mix- 
ture of great enthusiasm^ deep skepticism, and, l^i too many cases ,^ 
general confusion. S\^h a variation in response can be explained if 
one realizes that the exploratory efforts in CAI do not constitute a 
well defined and coordinated jiational program; rather, these efforts 
encompass programs with a wide diversity of objectives and professional 
interests and an even greater diversity of available t^echnological facili^ 
ties. Hence, the perspectives, even of experts in the field, are often 
widely different. 

V As an example of the diversity of points of view, a number of 

proponents of CAI were postulating and publicly arguing that a signif i- 
cant operational application of CAI was feasible with the computer tech- 
nology available in 1965. Significantly, the strongest proponents of 
Instant CAI were often those with the least experience in the design or-~ 
utilization of computer systems. In contrast to such viewpoints is a 
recent evaluation of the field presented in a report entitled "The Cqjjputer 

, a 

in Instruction: An Overview" and carried out in 1^)63 under the aegis of 
Associated Universities, Inc. The present status of the educational 
validity and economic viability of CAI systems is summarized as follows: 



Although still a laboratory tuiLi'sity, th^-- use of the 
computer for direct 'instruction hfa^ baiiu a;r,ply demonstrated.... 
Without miniiaizing the dirferencis of tha many projects, tho.r 
most interesting aspS-ct is the. cbixr.on result. In every case, 
direct instruction by computer Has shown substantial poten- 
tial; it is effective, flexibW and well received by students 
and faculty. But every ciy/e hafs also demonstrated that such 
instruction is nof econo/icall^ viablr. Rasolotng fthLS _ ^ 
conflict is the crux of uskfulj coirrputav assisted znstructzon. 
(italics added) . / v 

/ V ■ 

*The PLATO program has proceeded on the premise that the exist- 
ing technology of the 1960s, whil^e adequate for valuable exploratory 
research, was not yet capable of/ contributing in a sigjtiificant and 
economically practical way to tiie nation's educational program. Amdtig the 
approximately 75 projects currltly enrolled in the field of CAI in this 
country, the PLATO effort is ine of the very few which have included a 
si^ificant program of" reVea/ch aiid developmenr i^ Si aspicts "^f "aysteffls ' 
design-calmed at major innovations in systems, hardware and computer 
software as well as in tea/hing strategies and lesson materials. . 

As early as 196A our experience suggested tfie need *f or signifi- 
cant technological innov^ions if an economically viable system were to 
. be achieved. We proce^ed to identify and implement such innovations ^ 
by enlarging the already powerful technological effort within our over- . 

/ 

all program. Although not promising immediate wide-scale utilization, 

this approach was in many ways far more ambitious in its perception of 

the possible role of the computer in education. To accent and charac- 

f 

terize this approach we have found it useful to describe our activity 
by a different and perhaps more appropriate term: computer-based educa- 
tion. We refer to the laboratory in which the current effort Is centered 
as the Computer-based Education Research Laboratory. In this paper. 



ho'./ever» we use the terr.s **conputer-nifjist<id instruction'' (CAl) -rnd 

"computer-based educatplon** (CDE) Interchangeably. 

The PLATO program has developed in two distinct phases, each 

aimed at, different though related objectives: 

1. The investigation of the potential role of the. 

oomgTi4tei: in the instructional process. The major ' 
objective of this phase ,has been to examikie the 
question: What is educationally possible? 

II. The desiga of aa econdtoical and educationally 

viable system incorpori^ting the most valuable # 
approaches to teaching and learning^eveloped 
in Phase I* 

In Phase I ol the program, which was initiated at the Coordinated Science 
Laboratory of the University of Illinois | three successive and increas- ^ 
ingly versatile systems (PLATO I, II i and III) were designed and built. 
These systems were intended to explore the educational possibilities — 
without tegaVd to ,the economic constraints imposed by the techndli^gy 
.available at the timtf of their completion. A sigivificant result has been ^ 
the realization of a broad set of educational objectives. The initial 
stage of PLAIO HI, a system utilizing a large, commercial second- 
generation computer, was installed in late 196A and has been in continuous 
use since then.* A network of four associated demonstration centers was 
added early in 1969. , Exploratory experiments arQ in progress in many 
disciplines and at all levels of formal education. At each level, CBE 
has met with unusual enthusiasm. 

Several key features help to explain why computer-based education 
has captured the enthusiasm of students and teachers a]lLe: , 

1. The interactive nature of this instructional raediura 

typically absorhs^ the attention and encourages the total 
involvement of students at all age and grade levels. 

r 



2. The student rr.ay proceed nt his own pace atid can exeirty 
considerable choice in tiio selection ot alternative 
teaching strategies and^rothods of presenlation . 

3, The feedback of information is applied i;^ot only in the 

• learning process but Also in the teaching process; the ^ ^ 
system prox/ides teacher or' author with detailed access 
to individual student progress^ a poverf ul ' tool f or ^ 
lesson evaiCtiation and mocjif ication, and a mechanism for 
measuring over-*all educartional effectiveness. 

• '4. Teachers/authora can prepare f edit, or modify lesson 

materials a£t&T oniy a few hours of f amiliarizatidn with ^ 
the TUTOR^ langua^, and with no previous experience with 
or need for computer programmihg. 

/ 5. Lesson toaterials may be written or edited at a aftudent 
console at any location while the other consoles are in 
stydent use. Thus» materials previously prepared elsewhere* 
may be modified by a tealcher in a participating i'hscitution 

(e.g. ^ .community college, secondary or elementary schpol) 

in response to the unique needs of his, own students. 

. Phase II of the PLATO program, initiated- more than five year^? 
ago, has' addressed Itselt to the problem of the high costs of existing 
technology for compQter-based education. A milestone in this program 
was the proposal In January 1968 of a design .for P^TO IV^a large-sca 
system which, even in a prototype version,. would be economically justi- 
fiable. The over-ail design of PLATO IV has been described elsewhere 
Ifi a paper by Bitzer and Skaperdas;"* Initial steps toward imi)lementing 
the development of such a system at the University of Illinois have 
included the demonstration of the technical feasibility of certain key 
components. Concurrently, some of these components are approaching 'the 
pilot production stage through the cooperative contributionSi of several 
industrial firms. 




Vint Is Educationally Possible? The Potential Role of the Computer in 
Cobputcr-Based Education.. ^' ' / 

Educational efforts with PLATO systems have nov/ Involved ex- * 
plorato^ teaching in at lea^t 20 fields of study and over 100,000 
student-X!ontact hours (most of it for academic credit) in course Irork i 
^t the elementary, secondary, college undergraduate and graduate levels. 
From the outset we have i^ed the computer to supply appfopriate responses 
to student questions or answers and to keep detailed records of such, 
responses. Even, the mpst primitive system, PLATO I, demonstrated a 
tutorial sequence for drill and practice, which ,pt6vided an immediate 

feedback, allowing the student to proceed in. the event, of a. correct 

response and to repeat or review in the event of incorrect responses • 
This role of the computer is perhaps the most widely known in the. field 
of CAI and has lerf some to think that computer-based education is limited 
to an automated version of the Skinner teaching machine.^ PLATO II pro- 
vided a much' more complex tutorial system with a greater variety of 
choices and alternate lesson materials for students with varying degrees 
pf preparation or motivation. PLATO III, which is in continuing full- 
time use as an exploratory system, has demonstrated many powerful new 
approaches to teaching and learning with this flexible educational medium. 
Teaching strategies and lessons have be^n developed in fields as diverse 
as algebra and anatomy, foreign languages and pharmacology, life science 
'and library science. 

Without attempting to detract from the valid use of computer- 
b.E^ori-iducarion in a tutorial mode for such rote learning situations as 
clenentriry arithmetic or vocabulary drill, we believe it should be 



G.nphasized that in the past few jRary teaching strate^ioj havc^ bcenydevel- 

oped which are so far removed from the SUiunerian approach as to represent 

a fotally different conception of the role o^cociputer-based education. 

To provide in&ight into the diversity of possible applications 

of the^ computer in education,, it is important to correct certain miscon- 

ceptions which are frequently promulgated both by proponents and by critics 

of CAI. We list some of these misconceptions together with a brief com- 

« 

mentary on each. 



MiQQonoeption I: Computer^baQ^d education iarBynonumouB 
with programmed instruotion. * * 

Computer-based education makes possible unprogrammed instruc- 
tion or stiident-controlled learning by utilizing teaching 
strategies which differ completely from the basic C^otorial 
logic of most programmecf instruction, l^ile of substantial 
v^lue for thet development of certain skills, the interchange 
of factual information between man and computer is only one - 
mode in which a teaching strategy may be incorpdrated into 
the computer. For example, the information may be stored in 
the/machinc in the form of simulated models of an actual system 
or device; one may simulate such widely differing systems as ' 
a biological organism (e.g., the human circulatory system) or 
an electronic circuit (e.g., a defective radio set),. Through 
a set of Instructions stored In the computer, so-called 
algorithms, the computer Is called upor^ to calculate unique 
responses to varying student Inquiries. It is in this manner 
that the great computational power of a computer has been ^ 
programmed to^ play chess with human opponents, making ajipro- 
priate moves in response to unpredicted behavior. In other 
teaching strategies, the computer ma^ be programmed 'to aid 
the\student in the development of logical i algebraic, or 
geoiiLtric proofs, or to play the role of referee and ocore- 
keep&r in interactive games betv/een humians, thus providing 
new /insights intCK group or adversary behavior. 

Mi^aona^pti^ II: Since the ino true tioriai: strategy rmat he 
prbviouQly prograrmed in the computer^ pt must of neceeBity , 

Iticipate all conceivable, student reaponaes so as to com- 
pare them with ^'correct'' answers stored in the machine. 
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ivad.ing strategies which do not call fo^ "Pl^J"^";^,,^, 
^,Ludent responses are widely used and oCcon of gr.^xt^r 
value in many fields and levels of i"^^^*"^^^"?- 
example, students studying geometry r.ay ^ 
to -drai/' on the PL-^!o graphic display a f^Sure tha h- 
specified geonJetrical properties but is not " 
a Piven size or location on the screen. In such cases , 
a t of Algorithms in a so-called 'Va.ing ""^^^ 
use of the computational pox^er of the machine .to assess 
the validity o? the "answer." Othar such routines have 
Len Issembled to judge open-endad verbal responaes^and 
to distinguish betveen conceptual errors and ^P^J^"8 
difficulties. In a sequence for teaching algebraic proots 
Jhe coSutar helps the student by pointing out or correct- 
ing arS'ical'or logical errors after -^'^-^f^^ll 
thus allowing the student to concentrate on the central 
notion of "proof ."^ 

Misconception III: CompHter-baBed ^^^'^f jf ^^^^^^^ 
7ul for the tvanBfev of infomatian but ^t ta not of value 
in the development of critical thinHng. skvllo.^ - - 

» on 'the contrary, the deveiopment of ^^^^^Pf f 
for individual challenge pr attention and is. 
aistent vith tha "classroom'; approach ^f^^?^ f^'^^^^f ,h,n 

ft:;rard"eSu^:tiriVrred r ir^^^^^^^^^ 

. ra^'rall^frSidgLn?. interpretation of -^^J Visl ^ * 
and evaluation by the. student of he validity °f 
lectures. In the courie of some lessons, for example, tne 

•ftudent may use thi. computer-based system to calcuUts . 
analyze and display. This relieves him of much 06 the 
dr^dge^ Tt "leaini^g" and develops intuition and insight. 
^UhouS we view comjuter-based education as a way of 
eirichfng rather than replacing the 

the teaching process, we do not relegate CBE solely ^ 
routine tasks. 

fH-.r^nncsntion IV: A computer ayotom mod for oamputer-haBod 
XoatTol ^c^ Zt be uZ in a time^shaHng mode for conven- 
tional computer progrcwming. 

Th^^ Is larKaly dependent on the size and design' specif ica- 
Itons of tJe systeL In any .ultlple-access system it is 
n'ceasa y to se>t a^id. some -.orve time betwaan^^individual 
•requests over and abl)ve the statistical "average time of 
iadWiSual student usage in order to avoij^Uong waiting 

t ria" at times of peak loading In a large compu^.r 
gy.tom this reserve time may be substantial. For.PLATO IV 



the feserve is designed to be o£ the order mO P^'^^;;"^ °^ . " ' ' 
the total available iiu. as.ure that ^-'-/^'^i" "^^^ ^'^^ 
tine for any student is less than 0.2 second., This eseive 
capacity nay be accessed- in various ways, for ^-7^^"^^°"'^^ 
computer programming. As many as tvo or.th-eo hundred 
teminaJcoSld be used in a true tin.a-aharing- computational 
mode in concurrent operation with the ^^^^^^^J ^""j;,,^"^ °f 
the remaini^ student terminals. Alterr^ativaly this reserve 
. computer tie could -be used for the processing of he educa 
tional response dkta from on-line students and could 
p^rovide a.mechanism for the Continuous evaluation of BCudant 
progtess and teaching effectiveness. • x . 

One example of a major departure from the tutorial mode of 
inatruation is the so-called "inquir/'modewhich has hid significant ^ 

value in the development of critical thinking skills and intallcctual . " 
comprehension* In this teaching strategy, the student Xo presonted^w^th . 
a problem statement whicl» can ^ot dW with by .a simple or. mult iplc-J^^ 
choice answer; it may call' for a sequential analysis or conotructcd , 
responae which can not be uniquely anticipated. " As an example, in one of' 
the" chemistry sequences .. the student is asked to identify an '-at.knawn:' 
organic substance on the basis of any sequence of questions or "tosto" he 
specify. TO ^ a valid response, the student may find it necassary 
to gather factual information about its physical properties, to 5tudy its 
interaction with student-selected reagents, to "measure" , and display its 

,f rared spectrum, to interpret phe data, or to calculate various reaction 
[rates or other properties. While factual data may be stored In ^the form 
of dictionaries, tables^' other textual forms, the specif ic "r\sOlts" - 
of an ocperiment ar^'of ten stored impUcitly rather than e>rplicitly. 
The student makes the decision; as to the te'ata he wishes the computer to. 
porforn'or th. calcualtions he wants it to carry out. In a elmilar se= 
quence i. medical science, the .tud^nt is a.ked to diagnose and prescribe 



the treatment' for a patient's illness l-Jhen ha proposes a recommended 

♦ . " ■ ' • ♦ ' 

treatment, the comp^uter responds'v/ith a report of the expected effect 

on t^e simulated patient, ' ' ■ ' 

Obviously, we have procg^d^d far beyond the -role of the com- 
puter as^ a bookkeeper, scoreke^er, and guide to selected textyal 
material* Not only is the student helped in acquiring new information 
but lie is aidjed in fitting it into a broader context and in gainittg new - 
perspective;' He may be inltroduced, even at very early stage, to an 
investigative approach to . the solution 'of many problems. 

: - r - , . • ■ ■ ■ ,^1 

' r A major computer^^based system provides a whole new capability 

for tes tlh§i-evaluatioiiV~dnd TOdel-building f or-the^ teachrrr--- - 

ihg process. Educational psychologlats were among the first to recognize 

■' ■ ■ ^' - , * 

\ '• . . ■ . ' ■" " ■ 

the potential value of this new medium for research in these »areas. 

■ • " . " ,. " • . ■ . ■ ' 

' ■■■>.:■■■■■ • ■ 

Several programai in thl3' general area are in prbgjcess at the University 
of Illinois, utlllzittg . the PLATO III system as the basic research tool. 
Obvia\isly» such a system may al^o be utilized for the evaliiation of 
specific course materials and, eventually, in measuring and optimizing 
the effectiveness of ^is new medium. ^ ^^T 

4 Initial experiments aimed at evaluating educational effective- 

^ ' 5 

ness have been made at the University of Illinois and elsewhere. Although 

the data sample is altogether too limited, the results h^ve beefx most 

encouraging. As a typical instance, a claas of 20 students in, a medical 

science course was taught for a semester entirely with the ?lAtQ system. 

When xprnpared with a control group in a nationally administered test, 

the student group taught with PLATO scored as well in grade performance 
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even though they required „qnly one-third to oftc=Hnlf is nany tontact 
'hours of instructipn as those taught in the conventional classroom. 
Subsequent ir.easur,ements . extending over a 26-week period indicated that 
the PLAto group showed greater retention over that, interval. , 

The subjective evaluation of PLATO by students, teachers, an4 
authors has been- unusually positive in h wide variety of exploratory 
experiments. However, we hasten to add that the Vesults which are attain- 
able with any system of limited size can not be considered definitive. 
We question whether W reasonable perspective^ can be achieved until mi^ch 
larger experiments can ^>e perjEormed. For a typical course,^ our data on 
PLATO III have been limited to several hundreds":of hours of- student— ^ 



instruction: In the^ absence of a fully developed educational models ^ 
a widely .acc^ted evaluative procedure, eyen for conventional educati^^nal ^ 
methods, -it^ is not possible from such relatively small samples to derive 
broad generalizations. Two conclusions . seem justified: ^ *^ 

1. That toraputer-based education is a plausible approach , 
to 'improved individualized instruction in a very wide 

array of courses or subject-material areas. - . 

2. That the nature of educational testihg and evaluation 
* calls for and will be radically and substantially 

affected by the availability of large comjmterrbased 
education systems; a valid measure of effectiveness ^ 
calls for a much larger sampling of data ind a longer 
period of comparison than has heretofore been available. 

This expanded view of what is educationally possible is made- 
feasible by several unique features o;^ the PLATO III system. Firs<, a 
highly flexible software compiler has made it easy for educational innovators 
to use their intuitive notions to develop wholjy new sets of. teaching or. 
testing. strategies.' Second, the large size of the computer makes possible 

14 - . 



a very wide v^j^riety of such teaching strategies, even ia a single . 
i.e 3 son. Third, the fle^ble softvrare design, based on a powerful cen- 
tral computer, has provided coiupatibility not only with CAI systems r 
developed by other manufacturers and designers but also with the next 
generation of such machines; educational materials developed elsewhere 
can be readily incorporated. Fourth, although the software system has 
become increasingly sophisticated, it is^ not necessary for an author 

to becdme or to be dependent on a sy^tem3 programmer. Finally it is 

' ■ ■ 

po*ssible for messages to be transmitted frOm a given student station to 
any other student station. Thus, teachers or authors may act, as partici- 
pants in the system -to jiwni tor individual studeatL,progress^r_to_respojacl 
^ to calls for human advice , interpretation, or help. 

What is .th© role of computer-based instruction in the context 
of the con^^entional classroom setting? Just as the printed page or the 
textbook has distinctly different uses at various educational levels, 
we postulate different uses for CBE at the various stages from pre-*schoor 
to graduate education and beyond. , ^ 

It seems reasonable to anticipate that Computer-Abased instruction 
will provide a relatively small fraction (perhaps an hour per-jiay) bf the 



pupil's time at the' elementary grades in view of the important role of 
teacher and ^ pupil interactions during most of 'the school day. Special 
aj^j)lications at the grade ^cho^l level' incJLude individual drill and practice 
the development of critical thinking skills, and periodic rest intervals 
.for the human teacher. At the opposite end of the utilization scale we 
might envisage entire courses in continuing education for adults at reaote 
locations. ' . , , 

■ ' • • - ■ * ' ■ , '• ^ '■ 

V is . " ■ \ . 



We visualize a: particulaxly valuable role for. coT.piiter-bisftd 
education at the under graauate. lex'el a vmivc.rsl ties, collages, avA co;ti- 
munity colleges. As to the degree of its' utilization, one nay expect 
that CBE would' assume a widely ^'arying f.raction of the instructional load, 
In certain instances such as introductory courses in computer science, 
mathematics, basic anatomy, or 'genetics, a PLATO-type system might well " 
assume the entire load. This would be particularly attractive for well 
qualified students who Wished to register in an advanced seminar without 
devoting an entire- semester or two in a prerequisite surv'ey course. Such 
students might well take the entire course and proficiency examination 
-within a week -or-^c—liss- qualified students might .by_ this mechanism 
•take remedial work at all levels to aJkd in their preparation for more ■ 
advanced courses. In 'addition, there </ould be many courses in which the^ 
computer-based system would share the load mor^ or less equally with 
human teachers. ' Facdlty .instructors could spend, more of their available 
' time in advanced or interdisciplinary seminars in which the discussion 
of h^umln values or the development of new ideas would occupy the entire 
teacher-student relatidnship. ^ . 

QBE would make a unique contribution at coiranunity college 
level Aot only because of .the shortage of adequately prepared instructbrs 
in many fields buf also because of the orientation value for students - 
Cho transfer to four-year colleges. They might, by this medium, share 
a corr:.on educational experience with other students prior to the junior 



year . 



16 



♦ 



\ 



14 



II . i:n-gineering-Econoitiic Considtracions in the Design' of a Viable- Compuc'er-' 
Based Education Systeni. 

•It is generally agraed thafthc present CAI systems (including 

P^ATO III) entail total costs which range between $2.00 and $5.00 per' 

- studant-eonc^act hour .(s.c^h.).^ The PLATO IV systpra is intended to reduce 

this co^fc by approximately a factor of ten, to about 35 cents per student- 

• •' • ^ 

contact- hour, a figure comparable to the Idwest -instructional cos^tlk in 

• elementary schools and considerably less than the comparable c«sts at 
colleges arid universities. It Ls the purpose of this section to summarize 
the economic-engineering considerations and to identify the principal 
issued involved. ' 

Fo,r this -discussion, it is helpful to specify in broad" outline 
the major subsystems which make-up a computer-based instructional system 
and then to identify the associated costs. In maK^ng comparisons, -we 
will set fprth the cost elements for PLATO. Ill ^ an existing system with 
which we h^,e very considerable experience, and .then proceed to compare . 
the estimated costs fot the propo^d PLATO IV system. Although it is 
among the most versatile of present state-of-the-art systems,- the PLATO III 
system has operational costs* at the lower end of the rang^ of costs for 
currant CAI systems. 

I" the CAI systems presently in use o^r in the planning stage 
there are considerable variations in design. For example, significant " 

• differences occur in the nature of the communication channels ben^een 

conpucer and student stations. Variations m^y also occur in the manner in 
v.'l-.Ich lesson naterials are stored or the format (teaching stxategies) in 

^ ' which they are presented. However, although there exisf important options 
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, ' " * 

- 'a the, systems design, a framework within which to discuss both the 

• -I'^sign and thp economics pf a lar-e clas's of computer-based (CAI) systems 
I suffered by the following listing ef basic operational elements: 

1. A central computer which provides the executive 
conanunications control and which encompasses the 

I logic, the rapid-access memory, and the main data- 
' processing facility for the system. 

2. A computer software system for organizing various 
teaching, testing, or research strategies and speci- 
fying the language in which directions to the com- 
puter are formulated. . " 

• f 

3. The individual student console which provides the 

interface between man and computer. It is also 
referred to as a student terminal or student station. 

^V , Management and other professional services -in -the — 

computer-based education system. 

5. Communication channels, such as telephone or micro- 
/• wave cables, which farry information between the 

*^ .computer and the individual student terminals. * 

The design details of the PLATO III system and student terminal 
h^,ve be4n described elsewhere.^ As indicated in the schematic diagram of 
Figure 1 and- the photograph of Figure -2, lesson materials are presented to 
the student on a TV screen which can superimpose fixed images stored on 
photographic film and computer-generated or student-generated Information. 
' The, student responds via an electric typewriter, or keyset. 

Table 1 sets forth the estimated operational costs of the 
PLATO III system complete with an optimum number (50) of student terminals. 
Thu large cost range indicated for the central computer is baaed on the ' 
f•^;•t; that the actual costs of the 1960 vintage computer used in PLATO III 
('•'( t^he high end o£ the range) arc signi£lcanrly greater than would be 
( thr case for a third-generation computer of comparable capacity. 
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The development of the basic computer software sysUeJn for 
PLATO I-II has proceeded over a period of several ye^rs; since a 
major exploratory research effort was ir^volved, it is obviously diffi- 
cult to assess actual costs* However, it is feasible to make an esti- 
mate* of the cost to develop the systems software for a new computer 
which would incorporate the basic elements of the CATC compiler and 
the TUTOR author language (essential features of the PLATO^ Itl sof>tware). 
We believe this could be carried out at a total cost of about $150,000. 
If applied to a single system, this would involve a cost of 30 cents 
per student-contact hour. Howevef, after this initial development, such 

Ik 

software could be provided for identical computer .aj^stems at little 
additional cost. Thus, if one assumed ten PLATO III systems, the 
incremental systems softwat^ cost per student-contact hour would be ^ 
reduced to three cents, or a negligible fraction of the over-^1 systems 
expenses. » 

While of xmique design, the student console* for PLATO III is 
assembled from available commercial components. The cost estimate with 
current production techniques is $5,0Cf0 per student console. It is 
important to note that in the current design thes^ student terminals milst 
be connected to the computer via TV bandwidth cables; hence, they must 
typically be located within a few hundred feet of the central computer 

o 

facility. 

As^iuming a third-generation computer, the operational costs for 
an updated version of PLATO ill are estimated at about $1.60 per student- 
contnct hour, excluding systems software. -These costs are approximately 



1.9 



equally divided among (a) tl.a cxintrai processing unit, (b) the PLATO 
student console, and (c) management of the computer center (including 
maintenance, scheduling, computer programning service, etc.).^^^. 

From a budgetary standpoint, the operational cost o% the 
computer-based education system corresponds to the direct instructional 
cost in the conventional setting. In addition, there is a need for CBE 
lesson materials which correspond to the textbooks and other instructional 
materials used in the classroom. The purchase of conventional instruclfional 
materials, largely supplied by pxivate publishing firms selling to a 
national market, is also typically budgeted as a separate item. As will 
be shown, the cost for lesson materials for ^fcb^PIA^^^^ 
compared with the total operational costs an^ commensurate with the cost 
of textbooks. - 

The cost of the preparation of lesson materials for a computer- 
based system varies significantly depending pn the teaching strategy, 
,content, number of branching choices, and complexity^ of simulated models.^ 
However, it is also critically dependent on the software system in which 
the teaching strategies are organized. The PLATO III software system was 
designed with a special view to^ reducing the over-all effort and associated 
cost of materials preparation,^ The development of the TUTOR user language 
has had a particular impa^ct on the economics of this process. As indicated 
previously, it is possible for a potential author to V7rite such lessons 
v/ithout any previous acquaintance with or need for computer programming. 
Alro, it is far easier, than, in most CAI systens to arrange the material 
in a previously selected fornat or to change the format, at any subsequent 
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•tii.ie. Furchermoi-C^ ^he autihor rmy either x^rite or edit his material on- 

line at any student terminal \;hilc the other PLATO tenninals are in use. 

(In some systems, editiYig or debugging can not be done without seriously 

degrading the entire system for student use.) Hence, for PLATO III, the 

incremental systems cost for editing or preparing materi^als is consider- 

ably lower thyn has been reported for other systems, in soma cases by a 
8 

factor of 50. 

On the basis of the preparation of hundreds of hours of lesson 
material, we estimate the commercial cost of such preparation, exclusive 
of author royalties, to be in the range of $300 to $600 per hour of 
instruction; the cost for these supportive or "production" services (photo- 
graphic, computer access, secretarial, etc.) has actually averaged con- 
siderably less in our Laboratory. The above numbers ar^ proposed for a 
high-quality version of a course involving many alternative teaching 
approaches. Without going into details, our experience shows that a drill 
and pracjtice lesson can Se prepared and edited by an experienced author 
in the course of a few hours; rather complex lessons covering an entire 
semester's work have been prepared on a part-time basis by a qualified 
' instructor during the course of the previous semester. ,Thu3, if thdj, 
author's salary were included in the above figures, the total costs wd'uld 
range betv/een $400 - $800 per hour of instruction. 

To prorate the above costs obviously depends critically on the 
nu»T.ber of students expected t^ use a given set of material. An analogous 
situation occurs in textbook publication; the number of anticipated sales 
Is a Voy factor in allocatiur, unit costs as well as in establishing format. 
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v:e use a similar approach to arrive at an estJ.natei of lesson material 
costs for coiiputer-based education. If, for example, the nunicr of 
student users expected^ to take a given lesson v;ere 500 per year for five 
years, the prorated charge to cover the alJ^ove costs ($600) wou^d be 
approximately '25 cents per student hour. This tvould mean a.totial charge 
for a 50-n€^ur semester course of about $12,50, or an expense comparable 
to that for a textbook,- Th^ number of anticipated student users would 
depend on the nature otk fhe course, on the size of a given CAI system, 
and 09 the number of c<>mpatible systems in use* For a single PLATO III 
system^ the range of operational costs (approximately $2/s tudent-contact 
hour) and the total numbfer of student stations are such that a nominal 
expectation of 250 students per year and a charge as high as 50 cents 
per hour for lesson ibaterials would seem appropriate. If there were many 
compatible systems or larger individual |ysteras, a far larger number of 
students could be serv^^nd hence permit a substantial decrease in the 
charge for lessftn materials. 

The design of PLATO IV envisages a computer-based system which 
could reduce the total cost per student-contact Tiour by^^a large factor belo^ 
that of any system currently available while maintaining the unique student 
^terminal and^ systems software capabilities demonstrated in PLATO III. The 
principal design features proposed for PLATO IV are: 

1. The incorporation of a large third-generation computer 
of the Conrrol Data 6000 class. Such a computer con- 
fif.uration cnn be der. io;ned to serve as many as 4»000 
student stations and to teach severnl hundred lessons 

5; li:.iiltanaou3 ly . 



22 



fi ' ,20 

2. The design and* utiliiration pf a novel and versatile 
student console providing a dynaTnic graphic display, ^' 
superimposed pictorial images, and a keyset by vihich 

the student conununicates with the system. As an addi- 
tional accessory, individual random-access audio .( 
terns v^ould be available for student terminals. , * 

3. The c^ability of serving student consoles at remote 
locations; groups of such stations could be economically * 
linked within a 150-mile radius. At a given location 
each console would be connected by a regular telephone 
line. * ' ^ 

■ 

The system modifications that account for sizeable reductions in 
the projected cost of the PLATO IV system are associated with sigpif leant 
technological developments In ea<ih of the major design featured. The first 



of these has been the successful commercial realization of the third- 
generation, general-purpose computer which has gr^atl]f Increased the speed 

V 

and reduced the unit operations cost of this central element by^a factor 

of ten. The increased reliability of integrated circuitry in such computers 

has also made a much larger computer feasible; it is possible to Increase 

the number of student stations by a factor ranging from 10 to 100. Thus» 

It is feasible with commercially available models to Install a central 

computer system ser^ng 4,000 student stations with the same quality of 

instructional sequencing as is provided by PLATO III. For such a system, 

• ♦ 

the un#t computer cost would be reduced to only 11 cents per student-contact 
hour, even if the system were in use only eight hours per day. 

The choice of a system capable of serving thousands of student 
stations has a* nnjor effect on the nature and costs of other elements of 
the syiiten, in particular, the central management services. These services 
include r>upeWision and operation of the central computer, maintenance of 
student terminnPs, supportive computer j^rogramming, scheduling, and routine 
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ac/oistaace to new authors or teachers. The ^Qconomic consequences for 
systems management are evident from the following cornpar isoa. For 
PLATO III, an annual incremental cost of $100,000 adds approximately one 
dollar to the cost per student-contact hour. For PLATO IV, a sinilar 
increment of • $100 ,000/in annual costs adds approximately one cent to'tha 
cost per student-contact hour. But the unit economic cost^is not the only 
consideration of importance! A single PLATO IV system, as presently 
envisaged, will b§ capable of providing major educational service's not 
only to thousands of Students at a' major university site but to students 
at dozens of other institutions, including, for example^ colleges high 

schools, or elementary schools. With computer-*based systems of limita.d size 

"CI 

the initial venture into CAI by a school without previous experience or 
commitTTient involves not only the purchase or rental of a ^jtomplece system 
at very substantial investment but, in addition, the requirement cnat a 
special administration b&^a^t^lished to operate ani manage a relatlv^y 
sophisticated computer-education centjer. With PLATO IV, by contrast, a 
new institution may venture into this field by investing only in a modest 
number of student stations and the accompanying telephone lines^» For such 
newly connected schoola, it would also be feasible to provide for the use 
of course materials previously pjrepared at the University of Illinois ^r 
elsewhere. Thus, the/ initial venture into computer-based education would 
be possible for a participating institution vjithout major investment in. 
equipT.ent, pcrionnel, or lesion materials. 

A second major change in PLATO IV lies in the proposed Incorpora- 
tion of student consoles of a novol, low-cost, high-performance design. 
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JTwo important considerations should ba notea. First of all/ Che najor 

etpphasis of tKe PLATO effort on°the dosiftn of a low-cost student terminal V 

was initlaliy notivited by tha prior realization of a niajdr breakthrough 

in the economics and capability of the central computer. Following the ' 

latter developmaiit, the neesfl for a versatile, low^ost stude^it station ' 

became the paramount issue in developing an economically viable system. 

Secondly, tYie possible design of su4h a! l{ii;ge aj^stem enhanLs the desir- 

ability of connecting student E^tationa at remote location^' or in Individual 

rooms and offices both on economic and educational grounds. Thus, there 
<■ ■ ■ ^ . > 

is an added impetus toward aof ovar-all system design capable of communjLcating 

faith student terminals via regular telephone lines., " ' 

' A very promising tochnologicaX innovation aimed ^ providing jon " 
improved low-cpst student console is the plaoma display pAnel,^ a recently 
invented graphics display doyico that Is capablia of storingjon its viewing 
surface either computer-generated or student-generatad information without 
the need for auxiliary storage devices. Fur4.hermpre, it may be addressed 
via telephone lines of conventional bandwidth. Under the trade name, 
"DIGIVUE,"-'-^ this electronic device is presently in the commercial proto- 
type development stage and offers promise of excellent performance with 
significant further reductions in student terminal costs. Made up of a 
thin, flat, gas-filled glass container with transparent electrodes, the 
plasma panel is designed so that it is convenient to project and superimpose^ 
photographic images on the display surface. Thus, one can combine the 
presentation of textual iraterial or slides with tha coir.puter-geS^tK^ed Infor- 
narJon, as is done on PLATO III. ' 
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Figure 3 presents' an artinf's conc^iption of a PLATO IV stu<i<2nt 

console with keyset, plasrSa display panel, and a l^ovz-eost randpm-access 

image projector. The latter another invention from the gJATO design 

effort. It permits the random selection by the computer of any fcnage 

on a microform card on which the textual and photographic las^oti material 

Will be stored. Figure 4 shows a' photograph "^of an actual^ pilot iQodel' 

DIGIVUE panel Vith' a su{)erimposed photographic image. . ^ • 

> A nlw, low-cost, random-access audio system wil\ make it possible ^ 

for a student ^to call for or to record vocal messages on U localiy situated 

magnetic recording device. This unit would typically._be j:ons;tdered an^ 

optional feature, especially useful in certain language courses, ^ 

Another technological innovation proposed for the PLATQ fv system 

V • 

involves an economic^ method for communicating ufith student stations at 
a distance. By time-multiplexing a single educational-T^K^annel, it is 
possible to transmit to as many as 1,000 student stations. A^ a distance 
of 150 miles, such a communication channel would add a co$t of only about " 
two cents per student-contact hour. For t;elephone connections on a given 
campus, contingent property-line charges a^oi nominal;' a dedlGatad line 
rental would add only about one cent per student-contact hpur. 

Table II sets forth 'the projected operational rcosts for the PLATO 
IV sj^stem. The hourly costs assume a full utilization of the system^ with 
all 4,000 student terminals in jopcration; they would be hijher, of course^ if' 

r 

thi» utilization factor wore less than 100 percent This is offset, however, 
by the* fact that the hourly costn arc based on an eight-hour day.. The cost 



can obviously be lowered, eithet by using the sy^tam for education during a 

larger part o-f the da> (PLATO III is in such current use -ad least 60 hours 

per week); or by using s ©me studen^stations and the large, general-purpose 

computer for other computational or research applications during the remain- 

ing shifts Thus, the educational use of this massive computer coiild help 

to pay for some of the computational needs of participating schools. 

The greatest variance iti the estimates of operational expensed 

*\ . ^ " * . 

lies in the projected cost of the PLATO IV student station. It is our con- • 

sidered judgment that this'eritire unik (-excl-uding the audio) could be made 
availably at a cost of approximately ;t 1,500 when prdd\^ed in qaantftty. A. 



detailed anajLysis_of_such-a projection lies beyond- ther scop er^of this"l)lfesent^ 
, tion. At the present writing, the technological- feasibility , of the plasma 
display panel and the random-access image selector seems assured, thouch the 

{■ - --^ ■ . " . ■ ' 

specific confirmation of unit costs awaits further experience with pilot 
production models. While we -have considerable "confidence in meeting the 
above target cost (corresponding to 15 cents/s\c.h.) for a student terminal 
'bf radically novel design^ we- have also indicated a reasonat^le upper limit 

on the probable cost bjr listing the current cost (50 cents/slc.h.) of exist^ 

- . ** ■ ■ 

ing state-of-the-art PLATO student stations. This accounts for the l^rge 

• ^ ^* s . / \ 

range of console cost in Table II. In view of other cost elements,^ it • 
becomes -clear why we have placed such emphasis on reducing this expense, item. 

Our current estimates for software system development based on 
experience with PLATO sugg;^est a maximum incremental cost of the prde^ 
of $500,000 for the PLATO software for a Control Data 6000 series computer. 
Tnis is <ionvert6d to a prorated hourly cost of about one cent per contact 
hour — amort^ed over a five-year period. 



^ Lessoa ir.clterial preparation for PLATO IV would be- compMable 
in cost to that fox PLATO IJI. Follox^ing previous discussion, the fcosts^ 
of about $600 per hour could be prorated At approximately 25 cents per " 
contact hour if 'SOO students per year x^rGre anticipated; a charge of only a 
few cents per student-contact hour vjould pay for such costs if as many as 
ten PLATO IV systems were installed' in various parts of the country^ For 
courses that are widely incorporated into many curricula, e.g., introdiic- 
tory courses in statistic^ or in chemistry, the .amount of « student use could 
easily reach 10,000 hours on a single PLATO IV system within three or four 
semesters. Hence, a substantial author royalty would be feasible even at * 
-a. charge for lesson materials-corresponding to $5..00 per 50-hour semester ."^ 
*or courses with small student use, e.g.^ an exotic foreign language, the 



charge would l\ave to be increased, the materials used in a number of compa- 
tible syst^Wf'^'^ar^the author's remuneration contributed in other ways. 

*In^ summary, ""the cost^ for the installation of the computer (includ 
ing^ systems software) and the management of the computer center would 
total approximately $;L.2 million ^er year, or about cents pet student- 
contact hour. If a^ comparable amount were associated with the rental ^ 
of the student station ^d associated communications lines, the hourly cost 
for individual student ins truction. would be less. than 35 cents per contact 
hour. As an upper estimate (involving the utilization of existing technol^ 
ogy for the student consolej, the hourly cost would be approximately twice 
that figure. It: is our firm conviction that the implementation of a system 
at the target figure is clearly attainable in the early '70s. 



Some Implications. / , • ^ ' 

/ 

The cumulative and oven>rhelning trend of our exploratory 
research results with the PLAld^ III, system suggests that this nex-*; medium 
will be educationally effective and ejithusiastically. received^ by students 
at all levels of age and experience. There is every evidence thus far 
that this enthusiasm is sTiared by teacKfers and authors as well. SUpport- 
ing this appraisal is the corresponding experience of educators working 
in the fieild of CAI at- other institutions, *for.the most part with computer,- 
based equipment far. less flexible than BLATO III. The majority of such: ' 
educators are increasingly persuaded that this'medium repltesents^a power- 



ful* means for addresising. heretofore unmet ^ee<fs in the entire range of the 
educational process. If there ha^ been informed skepticism or' concern 

about the potentiality of CAI, it has largely been addressed to the Issue 

11 ' ^ ' ^ . ■ 

of economics. \ ' 

• This paper has set forth a number of advances, in the economical 

' implementation as well as the educational Capability of computer-based 

educatj^on systems. We have described a system for which tlie* projected / * 

target cost of 35 cents per student-contact hour is about one-fifth that 

of an updated PLATO tll system and about one-^twentieth that' of spme systems 

in current use. This figure compares favorably with instructional" costs at 

any grade level and^^ld represent only a fraction (15 - 25 percent) of 

similar costs at the college level. 

The. availability of a large-scal^i economically viable CBE 

syste.n could provide a wide variety of educational opportunities x^bicli 

are currently either totally unavailable or^restricted to at small percentage 
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of.tha pc^pulatioa. Some, of the po4sibi Uuie^- that ,nay. veil be. realized ' 
through the application of computer-based education are: ^ 

•"* the alleviation of lock-step schedules and narrowly 
specified curricula 'in formal education; student-s 
f. could proceed at a pace determined by th&ir own 
' - capacity and motivation; 

* " ' 

* the provision of remedial instruction or' tutorial • 
assistance during regularly scheduled courses for 
students with insufficient preparation; 

* the reduction of the number of large lecture classes - 

at the college level in favor of <small instructional • . 

groupings and seminars; 

* special instmction at home for physically handi- 

capped students; _ ^ — - 

* the development of arithmetical or other skills af 
the elementary level awa^ frpm the exposed enviroft- 

■ ment of the classroom; ^ ' ' 

*- effective job training or- retraining for any employee 
, group especially affected by expanding techno;og7; 

* continuing education for professional personnel per- 
mitting the updating of knowledge and skills in their 
own offices and on their own schedules. 

Some of the available options would be economically justifiable even at 
' the higher unit costs associated with gLATO III: A much largernumber bf 
. opportunities would, be accessible with 'a fully implemented network of 

■ PLATO IV systems. ' > 

• A single , PLATO IV system op^erating ten hours a day could provide 
approximately 10 million student-contact hours annually at a cost of about 
$3 million '(a total capital investment of approximately $12 million). This 
is equivalent to the entire annual instructional load of a four-y.ar under- 
grad(late, institution with 24.000 students! Snch an institution would typi- 
cally b-'^ direct instructional expanses of well ov.r $20 million annu^ly 

' 30 
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anci, in a' univarsidy setting , a toLnl budget s£veral times greater. This 
co:.-.pariaon is obvi/ously not meant to suggest "that PLATO could be ^sti- 
tutcd for such an institutioi). Rather, i^ is intended ,to indicate that 
a single PLATO IV system coulld augment by 20 percent . the instructional 
capacity V five . such ^^nstitulions on a budget of less than $1 million each. 
Alternatively, this added cap^Uty could relieve an equivalent' portion of 
faculty time for developing ne^ programs, teaching in. smaller group settings, 
• or providing extra h,elp to individual students. -The possibility of such ' 
an enrichment to our national ecjucatiorial capability has provided, added 
iacentive to our efforts to implement and test the PLATO IV design and to 
learn how such a system would fu^ctfon and contfibute in a "vatiety of 
educational settings. ^ ' 

The introduction of a major new technology into the educational 
process will undoubtedly raise questions among- some educators concerning 
the possible negative impact of an inanimate tutor on the very human pro- 
cesses of learning and teaching. Similar concerns may well have been raised 

on the occasion of the intro'duction of the printing press and inexpensive 

.fi . - - 

paper into the educational process in th^ fifteenth century. It was ndt 
long, however, before the technology of the printed page became so identified 
with education that, the (equally inanimate) library has become the universal 
symbol of educational excellence. We believe that the resulting explosion 
of knowledge and of ihformation ha3 made the introduction of computer-based 
education all. the more needed in a rapixdly changing world. 

In conclusion, it ^is interesting to note \liat the, PLATO program 
has called for a unique combination of educational and engineering talents. 
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The iiioi-ram has bei.,.p,-^„j < 

.'^it-ed trgn cooperation ar.DP.g experts in many discl- 

pUnas and a.Mung e.i,„,ators in universities', conraunlty colleges, high 
scnools, and- eler.eu,.^ry schools. Finally, it has depended in a critical . 
way on cooperation „nong -educational institutions, industrial corporations, 
and * 

an government ageo,.£gg These features may be -indicative of a new level 

df inter-institutio,,,i k- . . i_ ' 

lai relationships which would accompany the incorpora- 
tion of computer-ba.,ed systems in the educational process. 



Aon tho A^v^nr'd r' ■'^"PP^^tcd Jn part by the National Science Founda- 

"Pro2^i of the D.o-irr '-'^'''^h'P'^^J^^ts A5.-^ncy. the Joint Services Ele^ctronics -.y 
'•':^-°re ^'P-^'^'-^nt of Defense, and the Departn:.nt of IlaaUhf Education, ^ 
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